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**P**50 suppression and P300 deficits in patients with schizophrenia were found to be of similar magnitude as findings reported in neuroimaging and neuro-psychology.^[@ref1]^ Dysfunction of sensory gating is of high interest in psychiatric research and has been studied mostly with P50, a positive amplitude wave occurring approximately 50 ms after an auditory stimulus, which likely reflects pre-attentive information processing.^[@ref2]^ Sensory gating deficits using P50 suppression have been found in schizophrenia.^[@ref3]^ P50 gating is not always related to cognitive deficits,^[@ref4]^ and the effect of different treatments on P50 analyzed together with positive or negative symptoms were controversial showing that abnormal sensory gating is not directly associated with the expression of these symptoms.^[@ref5]^ Event related potentials are the most elaborated ERPs in psychiatric studies. The components N100, P200, N200, P300 are elicited by the rare stimuli; whereas frequent stimuli elicit only N100 and P200.^[@ref6]^ During a two-tone discrimination (oddball) task the mean amplitudes of the N100 and P300 auditory responses are decreased in patients with schizophrenia in comparison to the healthy participants.^[@ref6],[@ref7]^

In 1999, Hoffman and colleagues started to explore the repetitive transcranial magnetic stimulation (rTMS) for the treatment of auditory verbal hallucinations (AVH). When the coil was directed at the left temporoparietal cortex, they were able to ameliorate pharmaco - resistant AVH.^[@ref8]^ Since then, many other studies and meta-analyses showed that rTMS is capable of reducing the frequency and severity of auditory hallucinations with significantly better symptom reduction for low-frequency rTMS as compared with placebo.^[@ref9]^. According to the available literature, previous studies describing the effectiveness of rTMS as a treatment for patients with persistent AVH used mainly subjective measurements like psychometric scales. Within the "Icelandic AVH-TMS" study the goal is to assess rTMS treatment with symptoms scales and neurophysiological markers like ERPs, gamma and beta relative power or cortical silent period.

While the examination of P300 topography in chronically ill patients with schizophrenia and psychotic bipolar disorder was associated with a specific left-lateralized posterior abnormality, suggesting underlying posterior temporal lobe pathology with abnormalities of a generator located in the left superior temporal gyrus (STG),^[@ref12],[@ref13]^ the topography of P50 remains largely unknown^[@ref14]^. Where the P50 suppression and P300 waves show major changes or dysfunction at cortical level remain unclear as most studies reported P300 data at Pz and Cz electrodes while P50 researchers consistently reported analysis at Cz and thus only this location was used for analysis.^[@ref1]^ The objective of this study was to present the method of P50 suppression and N100-P300 components measures from seven different brain locations (left anterior, left posterior, medial anterior, medial central, medial posterior, right anterior and right posterior) using high density EEG. Our hypotheses were that after rTMS treatment, P50 suppression ratio decreases (improved sensory gating) and N100-P300 voltage increases.

Materials and Methods {#sec1-1}
=====================

The patients have been recruited from the psychiatric wards and outpatient clinics through the National Hospital database of diagnosed schizophrenia patients, following the ICD-10 schizophrenia classification (F20). Only those still experiencing persistent auditory verbal hallucinations after finishing at least two 6-8 week drug prescription treatments have been selected. Permission from the Ethics Committee at the University Hospital of Iceland was obtained (approval no. 21.2018). Healthy participants were recruited by convenience sampling and went through Mini-International Neuropsychiatric Interview (M.I.N.I.).

P50 suppression. {#sec2-1}
----------------

The paired-click paradigm was performed to elicit the P50 component. A pure tone (1500 Hz, 6-ms duration at comfortable hearing noise) was used as the click sound and presented during a 500-ms interval through headphones. The interval between paired stimuli was 10 seconds. We presented 150 paired stimulus in 5 blocks with interstimulus interval of 10 seconds, which provided 25 minutes of EEG measurement.^[@ref15]^ In consideration of participant load and ear comfort that could influence EEG measurement, we instructed participants to watch a silent film and presented auditory stimuli from headphones as mentioned above. The S1 response was identified as the most prominent peak in the 40- to 80-ms post stimulus window ([Figure 1](#fig001){ref-type="fig"}). The preceding negative trough was used to calculate the S1 amplitude. For the S2 response, the positive peak with latency closest to that of the S1 peak was selected. P50 suppression was calculated as the ratio of the mean value of the S2 amplitude to the mean value of the S1 amplitude (S2:S1).^[@ref16],[@ref17]^

![P50 and N100 gating during preprocessing (black bars correspond to stimulus onset, ISI 500ms).](ejtm-30-1-8903-g001){#fig001}

N100-P300 complex. {#sec2-2}
------------------

In our study P300 response was measured with an auditory oddball paradigm attention task. The recordings were carried out between 11:00 and 14:00 hours. The subjects were sitting in a comfortable chair with their eyes closed. The frequent (F) and the rare (R) auditory stimuli were presented binaurally through headphones at an interstimulus interval between tones of constant 1.1 sec. For each subject there was 1 trial of 160 tones which occurred randomly with a probability of 0.2.^[@ref18]^ We instructed the participants to pay attention at the rare stimuli without counting or moving a finger.

EEG pre-processing and analysis. {#sec2-3}
--------------------------------

The EEG was recorded using 256 channel system (ANT Neuro, Netherlands) with an electrooculogram (EOG) electrode placed below the right eye, and a ground electrode placed on the left side of the neck. Data pre-processing and analysis was performed with Brainstorm^[@ref19]^ and MATLAB 2018b. The data were sampled at 1024 Hz and re-referenced to the average of left and right mastoid electrodes (R19R, L19L). A bandpass filter was set between 0.1-80 Hz,^[@ref20],[@ref21]^ and notch filter from 49-51 Hz was used to remove undesired monomorphic artifacts from 50 Hz mains electricity.^[@ref22]^ Bad channels were removed when EEG voltage was greater than ±80 μV; if more than 10% of the channels showed to much noise or bad signal, the whole trial was rejected. For P50 analysis the signals were digitized for an epoch of 500 ms starting 100 ms prior to the presentation of each auditory stimulus (-100 ms to +400 ms) and for P300 response analysis the signals were digitized for each epoch of 1000 ms starting 100 ms prior to the presentation of each auditory stimulus (-100 to +900 ms).^[@ref20]^ Baseline correction was performed using pre stimulus 100 ms window and "bad" channels were removed and interpolated. Individual trials were visually inspected and rejected when indicative of excessive muscle activity, eye movements or other artifacts.

The Regions of Interest {#sec2-4}
-----------------------

The regions of interest (ROI) were defined using a matlab script, each of them being represented by 15 electrodes (105 electrodes out of 256) as follow: Left Anterior (LA), Left Posterior (LP), Medial Anterior (MA), Medial Central (MC), Medial Posterior (MP), Right Anterior (RA) and Right Posterior (RP). Fifteen electrodes were selected from 3 parallel lines for each region. We measured the peak-to-peak P50 amplitude from a preceding negative trough to the positive peak at 30-70 ms range from the stimulus onset. N100-P300 complex values for each ROI were calculated as the difference between the most negative voltage value and the most positive voltage value within the time range of 80-500 ms. In this work P50 suppression ratio and N1-P3 wave's signals were represented as the average of the fifteen channels of every ROI.

![P50 suppression ratio in three healthy subjects and one patient with schizophrenia before and after rTMS treatment. N100-P300 voltage measurements in three healthy subjects and two patients with schizophrenia. Data was calculated (uV) by averaging 15 channels responses corresponding to 7 ROI: left anterior, left posterior, medial anterior, medial central, medial posterior, right anterior and right posterior.](ejtm-30-1-8903-g002){#fig002}

Results and Discussion {#sec1-2}
======================

Recording event related potentials with high density EEG system is challenging and difficult. Our preliminary data showed major P50 suppression (reduced ratio) in healthy participants than in the patients group ([Figures 2](#fig002){ref-type="fig"} and [3](#fig003){ref-type="fig"}). The patients showed higher ratios on the left anterior and left posterior regions suggesting that these regions might be functionally affected or that the gating in healthy participants is higher on the left anterior and left temporoparietal cortex ([Figure 3](#fig003){ref-type="fig"}). N100-P300 components were obtained and visible in the healthy group while patients with schizophrenia showed reduced or absent deviant stimulus responses before the treatment, which changed and was more visible after the treatment ([Figure 4](#fig004){ref-type="fig"}). Even so, the automatic maximum -- minimum voltage measurements for 15 electrodes in each ROI detected higher responses in the patients group in few occasions which at visual inspection resulted to be erroneous due to original signal difficult acquisition or data processing. P50 suppression ratio analyzed in one patient after 10 days rTMS treatment at left temporoparietal region (T3-P3 EEG location) was increased, which is in contradiction to our hypothesis.

![P50 gating in three healthy participants and three patients with schizophrenia (baseline).](ejtm-30-1-8903-g003){#fig003}

![N100-P300 (rare stimulus) in one patient after 10 days rTMS treatment.](ejtm-30-1-8903-g004){#fig004}

The main limitations of the present study are the limited sample size, the lack of a comparator group, the patients' symptoms and medications, which are not presented in this work and the data processing, mostly of P50 waves which are of order of microvolts. It would be of interest to assess N100 gating responses from the same datasets as for P50 due to better visibility and higher amplitude. P300 deviant stimulus absent responses in patients group in baseline condition might be related to the fact that we did not performed classical P300 oddball task with requirement of motor movements or counting of rare stimuli in order to not alter the cortical responses in motor areas or parietal lobes. P300 waves obtained in healthy participants and in two patients after rTMS treatment might be represented by P300a (220--280 ms) related to a novelty or context updating paradigm.

In conclusion, we proved that recording P50 and ERP is possible using HD-EEG 256 channels and the results in healthy subjects are reproducible and show similar topography when studying the different regions of interests. In the patients group we observed that P50 waves are very difficult to measure and the relatively small amplitude or the gated responses cannot be measured with our protocol. A lot of data will have to be excluded from the final analysis. N100-P300 complex is measurable for all selected regions and it appears to be a helpful neurophysiological marker in assessing if ERPs components change after rTMS treatment at the stimulation site or in other different cortical areas.
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